The effect offundoplication on patterns of gastrooesophageal reflux and the underlying motor mechanisms were investigated in 18 patients with symptomatic reflux. Oesophageal motility and pH were recorded concurrently after a standard meal. Studies were performed preoperativey and from 5 to 27 months after surgery. Fundoplication virtually eliminated reflux in all but three patients. Control of reflux was associated with a 50% fall in the number of transient lower oesophageal sphincter relaxations, a fall in the proportion oftransient lower oesophageal sphincter relaxations accompanied by reflux from 47% to 17%, and an increase in the mean residual pressure at the gastro-oesophageal junction during swallow induced lower oesophageal sphincter relaxation from 0-7 mm Hg to 6*0 mm Hg. Basal pressure at the gastro-oesophageal junction rose from 10-9 mm Hg to 14*5 mm Hg, however, there was no correlation between postoperative reflux and basal gastro-oesophageal junction pressure. These findings suggest that the antireflux effects of fundoplication result from changes in the mechanical behaviour of the gastro-oesophageal junction that result in inGastroenterology Unit, complete abolition of the high pressure zone Royal Adelaide Hospital during lower oesophageal sphincter relaxation, A C Ireland and reduced triggering of transient lower R H Holloway oesophageal sphincter relaxations.
reflux, but rather to protect against anastomotic 10 become the most widely used form of antireflux surgery, the efficacy of which has been established by clinical and endoscopic follow up, and by oesophageal pH monitoring.2 -5 Nevertheless, surgical methods of controlling reflux have developed largely on an empirical basis, without a well defined concept of how they work. Recent manometric studies performed on patients after fundoplication have documented an increased pressure at the gastro-oesophageal junction which has been attributed to an increase in basal lower oesophageal sphincter tone. It is not clear by which mechanism fundoplication increases the pressure at the gastro-oesophageal junction, however, and this change in gastrooesophageal junction pressure does not correlate with successful control of reflux.67
In most patients with reflux disease, reflux has been shown to occur mainly during transient lower oesophageal sphincter relaxations that are distinct from swallow induced lower oesophageal sphincter relaxations.89 The effect of fundoplication on the incidence and patterns of transient sphincter relaxations has not been reported.
Swallow induced relaxation of the gastrooesophageal junction has been found to be incomplete in patients with fundoplication.7 I "I It has been suggested that this incomplete relaxation is relevant to the prevention ofreflux. None of the studies, however, has included analysis of the spontaneous patterns of lower oesophageal sphincter function and mechanisms of reflux before and after fundoplication. In this study we examined the effect of fundoplication on spontaneous patterns of reflux and the motor mechanisms underlying the reflux episodes. pressure during the postoperative studies. The manometric tracings were also analysed for the pattern of pharyngeal and oesophageal motor function just before, and at the time of the onset of acid reflux using criteria applied previously. 9 Statistical analyses of the rate of reflux episodes and the duration of oesophageal acid pressure were performed using Wilcoxon's signed rank test and the Mann-Whitney U test. Basal gastro-oesophageal junction pressure measurements were analysed using analyses of variance, and swallow induced nadir pressures were compared using the paired t-test.
Methods

Results
GASTRO-OESOPHAGEAL REFLUX
Fundoplication substantially reduced postprandial oesophageal acid exposure from a mean of 19-9 (5 9)% to 2.3 (1-2)% (p<0-001, Fig 1) . Fundoplication also significantly reduced the number of reflux episodes from a total of 327 (mean 18-2 (4 3)) before surgery to 53 (mean 2-9 (1-6)) after surgery (p<0-001). Reflux episodes occurred in only six of the 18 patients after surgery, and in only three was the distal oesophageal pH below 4 for more than 2% of the postprandial time (upper limit of normal <4%9).
Analysis of the motor events associated with the onset of reflux episodes showed that, before fundoplication, transient lower oesophageal The pattern of basal pressure at the gastrooesophageal junction, both pre-and postprandially and before and after surgery is illustrated in Figure 6 . Basal pressure rose after surgery from an overall postprandial mean of 10-9 (2 7) mm Hg to 14-5 (15) 4 who found that the most potent one was around the cardia, an area that would be buttressed by the fundoplication. Furthermore, in dogs, limiting distension of the cardia by banding, reduces the rate of belching and, by implication, the rate of transient lower oesophageal sphincter relaxations during gas insufflation.
The other major effect of fundoplication was to prevent reflux from occurring during intervals of lower oesophageal sphincter relaxation. The proportion of transient sphincter relaxations accompanied by reflux fell from 47% to 17%, and there was a five fold reduction in the number of reflux episodes occurring during swallow induced lower oesophageal sphincter relaxation. Precisely how fundoplication changes lower oesophageal sphincter function to achieve this effect is unclear but a likely factor is prevention of complete abolition of the high pressure zone at the gastro-oesophageal junction during sphincter relaxation. Our data support the findings of previous studies7 '°" that fundoplication renders swallow induced lower oesophageal sphincter relaxation incomplete. Our findings also show that fundoplication has a similar effect on transient lower oesophageal sphincter relaxations. Additionally, virtually no reflux episodes occurred because of absent basal sphincter pressure, or a drift in pressure to zero after surgery, whereas these mechanisms accounted for 15% of reflux episodes preoperatively.
How may fundoplication alter the pattern of lower oesophageal sphincter relaxation? It may lead to an alteration in the neural signals to the lower oesophageal sphincter so that the resultant neural inhibition is insufficient to give complete relaxation. this is, however, a less attractive hypothesis than the possibility that fundoplication renders lower oesophageal sphincter relaxation incomplete through a primary change in its mechanics. In dogs, fundoplication is associated with the presence of a sphincter like high pressure zone in the region of the wrap even after excision of the lower oesophageal sphincter.'6 The most likely explanation for these observations and our own is that the fundic wrap itself exerts extrinsic compression in addition to lower oesophageal sphincter pressure. In patients who have undergone fundoplication, therefore, it may be more appropriate to talk of gastro-oesophageal junction pressure than lower oesophageal sphincter pressure.
Incomplete lower oesophageal sphincter relaxation may not be the only mechanism preventing reflux. About 50% of the transient sphincter relaxations that occurred postoperatively had nadir pressures within 2 Importantly, however, the proportion of transient lower oesophageal sphincter relaxations associated with reflux was not reduced, although there were too few events for statistical comparison. The reason for this is unclear as basal and nadir lower oesophageal sphincter pressures were similar to those in patients in whom reflux was controlled. Could the antireflux effect of fundoplication be related to other factors not measured in the present study? This remains a possibility. Some workers have supported the concept that fundoplication produces a simple, one way mechanical flap or flutter valve.' 1119-2' Their observations, however, could also be explained on the basis of extrinsic compression of the lower oesophageal sphincter by the wrap.
Previously, investigations into the mechanism of action of fundoplication have been based on the hypothesis that effects on basal lower oesophageal sphincter pressure are relevant to the antireflux effect. This is an unappealing proposal in the light of what is now known about the mechanisms of gastro-oesophageal reflux. 9 The hypothesis is not supported by the measurements themselves as neither postoeprative basal gastro-oesophageal junction pressure nor change in basal pressure after fundoplication correlated with the success or failure of surgery.6 0 19 In summary, we have investigated the antireflux mechanism of fundoplication by examining its effects on spontaneous patterns of reflux and associated oesophageal motility. Our data suggest that fundoplication exerts complex mechanical effects on the gastro-oesophageal junction, the principal consequences of which are to inhibit the triggering of transient lower oesophageal sphincter relaxations and to prevent the complete relaxation of the gastrooesophageal junction. We gratefully acknowledge the assistance of Jill Hanley in the preparation of the manuscript.
